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>Sj)  Bitumen-containing  compositions. 

Bitumen-containing  compositions  comprising  bitumen 
and  a  minor  proportion  by  weight  (e.g.  5  to  25  wt%)  of  a 
polymer  having  one  or  more  neutralised  anionic  groups  cov- 
alently  bonded  thereto,  e.g.  a  zinc  neutralised  sulphonated 
EPDM.  These  compositions  have  good  resistance  to  creep  as 
well as  good  elastic  properties  and  may  be  used  for  roofing. 



This  i n v e n t i o n   r e l a t e s   to  bitumen  c o m p o s i t i o n s   which  c o n t a i n  

polymers  which  modify  the  p r o p e r t i e s   of  b i t u m e n .  

Var ious   i n d u s t r i e s ,   e s p e c i a l l y   the  r o o f i n g   i n d u s t r y   r e q u i r e   b i t u m e n  

which  has  a  good  r e s i s t a n c e   to  creep  as  well   as  having  e l a s t i c   p r o p e r t i e s .  

In  the  pas t   po lymers ,   u s u a l l y   s t y r e n e - b u t a d i e n e   copolymers ,   have  b e e n  

added  to  b i tumen  to  achieve  these  p r o p e r t i e s .   However,  such  b lends  have  

been  found  to  have  a  reduced  s t a b i l i t y   towards  o x i d a t i o n   and  are  s e n s i -  

t ive   to  U.V.  r a d i a t i o n   with  the  r e s u l t   t h a t   they  age  r a t h e r   q u i c k l y .  

We  have  now  d i s c o v e r e d   compos i t ions   which  have  good  r e s i s t a n c e   t o  

creep  w i t h o u t   having  the  above-ment ioned   d i s a d v a n t a g e s   of  the  p r i o r   a r t  

c o m p o s i t i o n s .  

Accord ing   to  th i s   i n v e n t i o n   a  b i t u m e n - c o n t a i n i n g   c o m p o s i t i o n  

comprises   b i tumen   and  a  minor  p r o p o r t i o n   by  weight   of  a  polymer  h a v i n g  

one  or  more  n e u t r a l i s e d   an ion ic   groups  c o v a l e n t l y   bonded  t h e r e t o .  

Bitumen  i . e .   b i tuminous   crude  pe t ro l eum  r e s i d u e ,   is  the  r e s i d u e  

remaining  a f t e r   removal  of  v o l a t i l e   c o n s t i t u e n t s   of  crude  p e t r o l e u m ,  

u s u a l l y   by  d i s t i l l a t i o n .   This  d i s t i l l a t i o n   is  normal ly   conducted  a t  

a tmospher i c   p r e s s u r e   fol lowed  by  reduced  p r e s s u r e   t r e a t m e n t .   The 

b i tuminous   r e s i d u e   remaining  a f t e r   the  reduced  p r e s s u r e   t r e a t m e n t   i s  

r e f e r r e d   to  as  a  vacuum  r e s i d u e .   Bitumens  which  are  s u i t a b l e   i n c l u d e  

r e c o n s t i t u t e d   a s p h a l t s   ob ta ined   by  b l e n d i n g   d i s t i l l a t e s   or  e x t r a c t s   w i t h  

hard  a s p h a l t s   or  r e s i d u a l s   (e .g .   p r e c i p i t a t e d   a s p h a l t e n e s )   and  a s p h a l t s  

r e s u l t i n g   from  the  a i r   blowing  of  sof t   b o t t o m s .  



Bitumen  is  commonly  c l a s s i f i e d   by  p e n e t r a t i o n   grade.   The  p e n e -  

t r a t i o n   of  a  bitumen  i s  a   measure  of  i t s   r e s i s t a n c e   to  de fo rma t ion   and 

is  the  depth  expressed   in  0.1  mm,  a  need l e   of  s t a n d a r d i s e d   d i m e n s i o n s  

p e n e t r a t e s   under  s t a n d a r d i s e d   c o n d i t i o n s   into  th is   b i tumen.   The  v a l u e s  

of  the  p e n e t r a t i o n  m e n t i o n e d   in  t h i s   s p e c i f i c a t i o n   are  those  d e t e r m i n e d  

by  means  of  ASTM  method  D-5.  Bitumens  having  a  p e n e t r a t i o n   ranging  f rom 

5  t o  2 0 0   at  25°C may  be  r egarded   as  r e l a t i v e l y   hard.  P r e f e r r e d   b i t u m e n s  

for  use  in  the  compos i t i ons   of  t h i s   i n v e n t i o n   have  a  p e n e t r a t i o n   of  180 

a  t o  2 2 0  a t  2 5 ° C ,  e . g .   200  at  25°C.  However  harder   grades  (e .g .   80  to  100) 

are  compa t ib l e   and  cou ld  be   s u i t a b l e   for   s p e c i a l   u s e s .  

The  p e n e t r a t i o n   i n d e x  o f   a  b i tumen  i n d i c a t e s   the  t e m p e r a t u r e  

s u s c e p t i b i l i t y   of  the  p e n e t r a t i o n   and  is  c a l c u l a t e d   from  the  slope  o f  

the  decimal  l o g a r i t h m   of  the  p e n e t r a t i o n   versus   the  t e m p e r a t u r e   in  °C. 

This  p e n e t r a t i o n   index  (PI)  is  d e f i n e d   as  20-500a  where  a  is  the  s l o p e  
1+50a 

of  the  decimal  l oga r i thm  o f  t h e   p e n e t r a t i o n   versus   t e m p e r a t u r e .   The 

h igher   t h e - p e n e t r a t i o n   index  the  lower  the  t empera tu re   s u s c e p t i b i l i t y .  

As  w i l l   be  seen  l a t e r   compos i t i ons   of  t h i s   i n v e n t i o n   have  g r e a t l y   improved 

p e n e t r a t i o n   index  compared  with  the  bi tumen  before   the  i n c o r p o r a t i o n  

t h e r e i n   of  the  e l a s t i c   p o l y m e r .  

The  compos i t ion   of  this.  i n v e n t i o n   con t a in s   a  minor  p r o p o r t i o n   by  

weight  of  polymer  having  one  or  more  n e u t r a l i s e d   an ion ic   groups  c o v a l e n t l y  

bonded  t h e r e t o .   The  groups  are  c o v a l e n t l y   bonded  to  one  or  more  c a r b o n  

atom of  the  polymer.   The  an ion i c   groups  may  be  c a r b o x y l a t e   or  p h o s p h o n a t e  

groups  and  examples  of  s u i t a b l e   po lymers   c o n t a i n i n g   c a r b o x y l a t e   g roups  

are  i n t e r - p o l y m e r s   ( e s p e c i a l l y   low  u n s a t u r a t e d   polymers)   of  a c r y l i c   o r  

m e t h a c r y l i c   ac ids   with  o l e f i n s   and /o r   con juga ted   d i o l e f i n s .   It  i s  

p r e f e r r e d   however  that   the  a n i o n i c   group  be  a  su lphona te   g r o u p .  



N e u t r a l i z e d   su lphona ted   polymers  are  der ived  from  e i t h e r   t h e r m o -  

p l a s t i c   or  e l a s t o m e r i c   polymers  having  e i t h e r   o l e f i n i c   or  a r o m a t i c  

u n s a t u r a t i o n   s i t e s .   In  p a r t i c u l a r ,   u n s a t u r a t e d   e l a s t o m e r i c   p o l y m e r s  

inc lude   low  u n s a t u r a t e d   polymers  such  as  Butyl  rubber   and  EPDM,  and  h i g h  

u n s a t u r a t i o n   polymers  such  as  p o l y b u t a d i e n e   and  p o l y i s o p r e n e .   I n  

a d d i t i o n   to  these   e l a s t o m e r s ,   s u i t a b l e   su lphonated   polymers  may  be  

p repared   from  p l a s t i c   polymers  prepared  by  the  p o l y m e r i z a t i o n   of  e t h y l e n e  

or  p ropy lene   with  m u l t i o l e f i n s   such  as  1 , 4 - h e x a d i e n e ,   d i c y c l o p e n t a d i e n e ,  

n o r b o r n a d i e n e ,   5 - m e t h y l e n e - 2 - n o r b o r n e n e ,   5 - e t h y l i d e n e - 2 - n o r b o r n e n e ,   5 -  

p r o p e n y l - 2 - n o r b o r n e n e   and  1 , 5 - c y c l o o c t a d i e n e .   P r e f e r a b l y   these  po lymers  

have  i n c o r p o r a t e d  t h e r e i n   0.2  to  10  mole Z  u n s a t u r a t i o n :   more  p r e f e r a b l y  

0.5  to  6%.  An  example  of  these  p l a s t i c   l ike   polymers  is  a  p r o d u c t  

c o n t a i n i n g   90  mole %  e thy l ene ,   6  mole  %  p ropy lene ,   and  4  mole  X  of  d i e n e  

monomer.  The  high  e thy lene   content   of  these  systems  p r o v i d e s   a  more 

p l a s t i c - l i k e   m a t e r i a l   than  the  EPDM  rubbers   d i s cus sed   below.  The 

p r e f e r r e d   polymers  are  based  on  EPDM. 

Though  the  term  " o l e f i n i c   u n s a t u r a t i o n "   does  not  i nc lude   a r o m a t i c  

u n s a t u r a t i o n ,   the  polymer  backbone  may  conta in   a romat ic   r ings   e i t h e r  

w i th in   the  backbone  s t r u c t u r e   or  pendant  the re f rom.   S u l p h o n a t i o n ,  

however,  is  p r e f e r e n t i a l l y   c a r r i e d   out  at  the  s i t e   of  o l e f i n i c   u n s a t -  

u r a t i o n   r a t h e r   than  on  the  aromatic   r i n g .  

The  term  "EPDM"  is  used  in  the  sense  of  i t s   d e f i n i t i o n   as  found  i n  

ASTM  D-1418-64  and  is  in tended  to  mean  a  te rpolymer   c o n t a i n i n g   e t h y l e n e  

and  p ropy lene   in  the  backbone  and  u n s a t u r a t i o n   in  the  side  c h a i n .  



I l l u s t r a t i v e   methods  for   p r o d u c i n g   these   t e rpo lymers   are  found  in  U .S .  

Pa ten t   3 ,280 ,082 ,   B r i t i s h   P a t e n t   1 ,030 ,289   and  French  Pa ten t   1 , 3 8 6 , 6 0 0 .  

The  p r e f e r r e d   EPDM  polymers   c o n t a i n   45  to  85  wt.  %  e thy lene   and  2  to  10 

wt.%  of  a  diene  monomer,  the  b a l a n c e   of  the  polymer  being  p r o p y l e n e .  

P r e f e r a b l y ,   the  polymer  c o n t a i n s   70  to  80  wt.%  e t h y l e n e ,   e.g.  76  wt.% 

and  2  to  8  wt.X  diene  monomer,  e .g .   5  wt.X.  The  diene  monomer  is  p r e f e r -  

ably  a  noncon juga ted   d i e n e .  

Examples  of  t h e s e  n o n - c o n j u g a t e d   diene  monomers  which  may  be  u s e d  

in  the  t e rpo lymer   (EPDM)  are  1 , 4 - h e x a d i e n e ,   d i c y c l o p e n t a d i e n e ,   5 - e t h y l -  

i d e n e - 2 - n o r b o r n e n e ,   5 - m e t h y l e n e - 2 - n o r b o r n e n e ,   5 - p r o p e n y l - 2 - n o r b o r n e n e ,  

and  methyl  t e t r a h y d r o i n d e n e .   A  p r e f e r r e d   EPDM  is  a  t e rpo lymer   having  a  

Mooney  v i s c o s i t y   (ML,  1  +  8,  100°C)  of  20  and  having  an  e t h y l e n e   c o n t e n t  

of  75  wt.%  and  a  5 - e t h y l i d e n e - 2 - n o r b o r n e n e   con ten t   of  5.0  wt.%.  I t s  

Mn  is  40,000,  the  Mv  is  142,000  and  the  Mw  is  1 2 5 , 0 0 0 .  

The  EPDM  t e rpo lymer s   used  in  the  compos i t ions   of  th is   i n v e n t i o n  

u s u a l l y   have  a  number  average   m o l e c u l a r   weight  (Mn)  of  10,000  to  2 0 0 , 0 0 0  

more  p r e f e r a b l y   of  15,000  to  100,000,   for  example  20,000  to  60,000.  The 

Mooney  v i s c o s i t y   (ML,  1  +  8 ,   100°C)  of  the  EPDM  te rpolymer   is  u s u a l l y   5 

to  60,  p r e f e r a b l y   10  to  50,  for  example  15  to  40.  The  Mv  of  the  EPDM 

te rpo lymer   is  p r e f e r a b l y   below  350,000  and  more  p r e f e r a b l y   below  3 0 0 , 0 0 0 .  

The  Mw  of  the  EPDM  t e r p o l y m e r   is  p r e f e r a b l y   below  500,000  and  more  

p r e f e r a b l y   below  3 5 0 , 0 0 0 .  

Typica l   r e p r e s e n t a t i v e   examples  of  t h e r m o p l a s t i c   polymers  u se fu l   i n  

the  p r e s e n t   i nven t ion   i nc lude   s u l p h o n a t e d   p o l y s t y r e n e ,   su lphona ted   p o l y -  

t e r t i a r y   b u t y l s t y r e n e   or  s u l p h o n a t e d   p o l y - @ - m e t h y l s t y r e n e .   P r e f e r a b l y ,  

the  t h e r m o p l a s t i c   to  be  s u l p h o n a t e d   w i l l   be  p o l y s t y r e n e .  



To  s u l p h o n a t e   the  polymer,   the  e l a s t o m e r i c   or  t h e r m o p l a s t i c   p o l y m e r  

is  d i s s o l v e d   in  a  n o n - r e a c t i v e   so lvent   such  a s  a   c h l o r i n a t e d   a l i p h a t i c  

hydrocarbon ,   c h l o r i n a t e d   a r o m a t i c  h y d r o c a r b o n ,   an  a romat ic   h y d r o c a r b o n ,  

or  an  a l i p h a t i c   hydroca rbon   such  as  carbon  t e t r a c h l o r i d e ,   d i c h l o r o -  

e thane ,   c h l o r o b e n z e n e ,   benzene,   to luene ,   xy lene ,   cyc lohexane ,   p e n t a n e ,  

i s o p e n t a n e ,   hexane,   i sohexane   or  heptane .   A  s u l p h o n a t i n g   agent  is  added 

to  the  s o l u t i o n   of  the  e l a s t o m e r i c   polymer  and  n o n - r e a c t i v e   so lven t   at  a  

t empera tu re   u s u a l l y   of  -10°C  to  100°C  for  a  pe r iod   of  time  of  about  1  t o  

60  minutes .   S u i t a b l e   s u l p h o n a t i n g   agents  are  acyl   s u l p h a t e s ,   a  m i x t u r e  

of  s u l p h u r i c   acid  and  an  acid  anhydride  or  a  complex   of  a  s u l p h u r  

t r i o x i d e   donor  and  a  Lewis  b a s e  c o n t a i n i n g   oxygen,  su lphur ,   o r .  p h o s p h o r u s .  

Typical   su lphur   t r i o x i d e   donors  are  503,  c h l o r o s u l p h o n i c   ac id ,   s u l p h u r i c  

acid  and  oleum.  Typica l   Lewis  bases  are  d ioxane ,   t e t r a h y d r o f u r a n ,  

t e t r a h y d r o t h i o p h e n e   and  t r i e t h y l p h o s p h a t e .   The  most  p r e f e r r e d   s u l p h o -  

na t i on   agent  is  an  acyl  su lpha t e   for  example,  benzoy l ,   a c e t y l ,   p r o p i o n y l  

or  bu ty ry l   s u l p h a t e .  

The  s u l p h o n a t i n g   agent   and  the  manner  of  s u l p h o n a t i o n   are  n o t  

c r i t i c a l   p rovided   tha t   the  su lphona t ion   does  not  degrade  the  p o l y m e r i c  

backbone.  The  r e a c t i o n   mixture   may  be  quenched  with  an  a l i p h a t i c  

a l coho l   such  as  methanol ,   e thano l ,   i sop ropano l   with  an  a romat ic   h y d r o x y l  

compound,  such  as  phenol ,   a  c y c l o a l i p h a t i c   a l c o h o l   such  as  a  c y c l o -  

hexanol  or  with  water .   The  acid  form  of  the  su lphona ted   polymer  u s u a l l y  

has  5  to  100  meq.  ac id   groups  per  100  grams  of  su lphona ted   po lymer ,  

p r e f e r a b l y   10  to  50;  for  example  20  to  40  meq.  acid  groups  per  100  gm.  The  meq. 

of  acid  g roups /100   grams  of  polymer  may  be  de te rmined   by  both  t i t r a -   ;  

t ion  of  the  polymer ic   su lphonic   acid  and  D i e t e r t   Sulphur  a n a l y s i s .  



N e u t r a l i z a t i o n   of  the  acid  form  of  the  su lphona ted   polymer  or  o f  

the  polymer  c o n t a i n i n g   o ther   a n i o n i c  g r o u p s   may  be  by  the  a d d i t i o n   of  a  

s o l u t i o n   of  a  s a l t   of  a  c a r b o x y l i c   ac id ,   for  example  a  metal   a c e t a t e ,   t o  

the  acid  form  of  the  polymer  d i s s o l v e d   in  the  r e a c t i o n   mix tu re ,   e .g.   o f  

the  a l i p h a t i c .   a l c o h o l   and  n o n - r e a c t i v e   s o l v e n t .   The  c a r b o x y l a t e   may  be  

d i s s o l v e d   in  a  b ina ry   so lven t   system  c o n s i s t i n g   of  water  and  an  a l i -  

p h a t i c   a l c o h o l .   Examples  of  s u i t a b l e   a c e t a t e s   are  sodium  a c e t a t e ,  

b a r i u m  a c e t a t e ,   magnesium  a c e t a t e ,   a luminium  a c e t a t e ,   po tass ium  a c e t a t e ,  

lead  a c e t a t e   and  z inc   a c e t a t e .   Zinc  a c e t a t e   is  p r e f e r r e d .   A l t e r n a t i v e l y  

s o l u b l e   h y d r o x i d e s ,   amines  or. ammonium  s a l t s .  may   be  u s e d .  

I f  p o s s i b l e ,   the  p r e f e r r e d   o rde r   for  n e u t r a l i s i n g   agents   is  Mz(OH)z 

>Mz(OOCCH3)z  >  M z C l z   where  M  is  the  metal   of  va lency  z.  Thus  f o r  

z i n g  t h e   p r e f e r r e d   n e u t r a l i s a t i o n   agent   is  zinc  a c e t a t e ,   for  magnesium 

i t   is  magnesium  c h l o r i d e   and  for  p o t a s s i u m   i t   i t   po tass ium  h y d r o x i d e .  

S u f f i c i e n t   n e u t r a l i s a t i o n   agent   is  added  to  the  s o l u t i o n   of  t h e  

acid  polymer  to  n e u t r a l i s e   the  SO3H  or  o the r   a n i o n i c   groups.   It  i s  

p r e f e r a b l e   to  n e u t r a l i s e   at  l e a s t   95%  of  the  acid  groups,   more  p r e f e r a b l y  

98%  and  most  p r e f e r a b l y   100%  of  the  acid  g r o u p s .  

A  p a r t i c u l a r l y   p r e f e r r e d   n e u t r a l i s e d   polymer  is  a  zinc  n e u t r a l i s e d  

su lphon ic   acid  of  a  copolymer  c o n t a i n i n g   75  wt.%  e t h y l e n e ,   20  wt.% 

propy lene   and  5  wt.X  of  5 - e t h y l i d e n e - 2 - n o r b o r n e n e   with  a  s u l p h o n a t i o n  



l eve l   of  20  meq.  acid  groups  per  100  gm  of  s u l p h o n a t e d   p o l y m e r .  

T h e   n e u t r a l i s e d   polymer  is  i n c o r p o r a t e d   in  the  b i t u m e n - c o n t a i n i n g  

c o m p o s i t i o n   in  minor  p r o p o r t i o n   by  we igh t ,   p r e f e r a b l y   l e s s   than  25%  by 

we igh t ,   more  p r e f e r a b l y   5  to  25%  by  weight  for  example  about   10%  by  

w e i g h t .  

The  n e u t r a l i s e d   polymer  is  b lended  into  the  b i tumen  by  s t r a i g h t  

a d d i t i o n   of  the  cold  powdered  polymer  in  the  hot  b i tumen   at  a  t e m p e r a t u r e  

of  120  to  220°C,  p r e f e r a b l y   180°C.  The polymer   could  be  used  as  c h i p p i n g s  

or  g r a n u l a t e s .   Mixing  is  p r o v i d e d   e i t h e r   by  a  high  shear   device   l i k e  

t u r b i n e s ,   by  p r o p e l l e r s   or  by  heavy  duty  mixers   ( for   example  WERNER, 

NABEN).  The  mixing  time  r anges   from  a  few  minutes   up  to  5  hours ,   a c c o r d i n g  

to  the  mixing  d e v i c e .  

I f   d e s i r e d   a  f i l l e r   such  as  carbon  b l a c k ,   t a l c ,   ground  c a l c i u m  

c a r b o n a t e   o r . s i l i c a  c a n   be  i n c o r p o r a t e d   in  the  m i x t u r e   of  polymer  and 

b i tumen .   The  amount  of  f i l l e r   can  be  for  example  from  1  to  50  pa r t s   by  

weight   per  100  p a r t s   by  we igh t   of  b i t u m e n .  

I t   has  been  found  t h a t   compared  with  bi tumen  a lone   the  c o m p o s i t i o n  

of  the  i n v e n t i o n   has  i n c r e a s e d   s o f t e n i n g   po in t   and  in  f a c t   s o f t e n i n g  

p o i n t s   of  g r e a t e r   than  100°C  can  be  ach ieved .   Also  the  p e n e t r a t i o n  

index  is  g r e a t l y   improved.   Also  i t   has  been  found  t h a t  t h e   c o m p o s i t i o n s  

of  the  i n v e n t i o n   have  p e n e t r a t i o n s   c lose   to  those   of  o x i d i s e d   b i t u m e n s .  

F u r t h e r m o r e ,   i t : h a s   been  f o u n d  t h a t   the  e l a s t i c   r e c o v e r y   a f t e r  

s t r e t c h i n g   is  good  and  in  f a c t   r e c o v e r i e s   as  high  as  95%  have  b e e n  

ach i eved .   This  compares  wi th   c o n v e n t i o n a l   o x i d i s e d   b i tumens   which  h a v e  

no  e l a s t i c   r e c o v e r i e s .   However,  the  p resence   of  the  n e u t r a l i s e d   po lymer  

in  the  c o m p o s i t i o n   does  i n c r e a s e   the  v i s c o s i t y   but  the  l a t t e r   is  low 

enough  at  normal  p r o c e s s i n g   t e m p e r a t u r e s .  



Another   advantage  of  the  c o m p o s i t i o n s   of  th i s   i n v e n t i o n   is  t h a t  

the  n e u t r a l i s e d   polymers  m a i n t a i n   t h e i r   s o f t e n i n g   p o i n t   a f t e r   ageing  and 

keep  t h e i r   r e l a x a t i o n   time  whereas  o the r   e l a s t o m e r i c   polymers  e .g.   s t y r e n e /  

b u t a d i e n e   block  copolymers  do  not .   Also  the  compos i t i ons   of  th is   i n v e n -  

t ion  w i t h s t a n d   o v e r h e a t i n g   up  to  230°C  wi thou t   changes  in  the  f i n a l  

p r o p e r t i e s   which  is  not  so  for  some  o ther   p o l y m e r - a s p h a l t   b l e n d s .  

Also  i t   has  been  observed  t h a t   at  high  s t r a i n s ,   e .g .   of  the  o r d e r  

of  300%,  the  compos i t ions   of  t h i s   i n v e n t i o n   are  not  d e s t r o y e d   and  t h e  

deve loped   s t r e n g t h   is  c h a r a c t e r i s t i c   of  a  f l e x i b l e   p r o d u c t .  

The  i n v e n t i o n   is  now  i l l u s t r a t e d   by  the  f o l l o w i n g   Example .  

E x a m p l e  1  

A  b lend  of  90  wt.%  Arameo b i tumen  o f  2 0 0  p e n e t r a t i o n   grade  (an 

Arabian  l i g h t )   and  10  wt.X  of  n e u t r a l i s e d   su lphona t ed   polymer  was  p r e p a r e d  

by  hot  s t i r r i n g   at  200°C  for  a  t o t a l   b l end ing   time  of  1  hour.   The  po lymer  

was  a  copolymer  c o n t a i n i n g   75  wt.X  of  e t h y l e n e ,   20  wt.X  of  propylene   and 

5  wt.%  of  5 - e t h y l i d e n e - 2 - n o r b o r n e n e   su lphona ted   to  a  l eve l   of  20  m i l l i m o l e s  

SO3H  groups  per  100  gm  polymer  which  was  100%  n e u t r a l i s e d   with  zinc  a c e t a t e .  

The  polymer  had  a  Mooney  v i s c o s i t y   (ML,  1  +  8 ,   100°C)  of  20,  an  Mn  o f  

40,000,   an  Mw  of  142,000  and  an  Mv  of  1 2 5 , 0 0 0 .  

The  f o l l o w i n g   t ab l e   shows  the  p r o p e r t i e s   of  the  blend  of  t h e  

i n v e n t i o n   compared  with  bi tumen  a lone  and  a  c o n v e n t i o n a l   o x i d i s e d  

b i t u m e n  



Example  2 

The  procedure   of  Example  1  was  r e p e a t e d   exac t l y   except   t h a t   a  S a f a n i y a  
bitumen  which  is  an  Arabian   heavy  was  used.   The  r e s u l t s   ob ta ined   were  
as  f o l l o w s  



Example  3 

The  p r o c e d u r e   of  Example  2  was  r e p e a t e d   e x a c t l y   except   t ha t   in  one  run  a  

f i l l e r   i . e .   s i l i c a   was  i n c o r p o r a t e d ,   t h e r e   being  90  p a r t s   by  weight   o f  

S a f a n i y a   b i t u m e n ,   10  p a r t s   by  we igh t   of  polymer  and  20  p a r t s   by  

weight   of  powdered  s i l i c a .   The  b l e n d i n g   p r o c e d u r e   was  the  same  e x c e p t  

t ha t   a  f u r t h e r   30  minu te s   was  a l lowed  to  d i s p e r s e   the  f i l l e r .   The 

r e s u l t s   o b t a i n e d   were  as  f o l l o w s  



E x p e r i m e n t a l   P r o c e d u r e s  



In  f i g u r e   1  the  s t i f f n e s s   modules  is  p l o t t e d   a g a i n s t   loading  t i m e .  

At  high  l oad ing   time  a  s o - c a l l e d   rubbery   p l a t e a u   appears   and  th i s   means 

tha t   creep  w i l l   not  be  a  problem  and  t ha t   at  long  loading   times  t h e  

blend  has  e l a s t i c   b e h a v i o u r .  

In  F igu re   2  r e l a x a t i o n   t e n s i l e   s t r e n g t h   i s   p l o t t e d   a g a i n s t   t i m e .  

From  th i s   i t   can  be  seen  tha t   the  loss   of  t e n s i l e   s t r e n g t h   is  very  s l ow 

a f t e r   a  few  thousand  seconds.   Also  t he re   is  a  good  ageing  b e h a v i o u r ,  

and  the  s h i f t   of  the  t e n s i l e   s t r e n g t h   is  mere ly   a  s l i g h t   ha rden ing   o f  

the  p o l y m e r - b i t u m e n   b lend .   The  cons tancy   of  the  r e l a x a t i o n   time  means 

that   no  major   a l t e r a t i o n   of  the  polymer  o c c u r r e d .  



1 . .   A  b i t u m e n - c o n t a i n i n g   c o m p o s i t i o n   compris ing  bitumen  and  a  m i n o r  

p r o p o r t i o n   by  weight   of  a  polymer  having  one  or  more  n e u t r a l i s e d   a n i o n i c  

groups  c o v a l e n t l y   bonded  t h e r e t o .  

2.  A  c o m p o s i t i o n   a c c o r d i n g   to  claim  1  wherein  the  bi tumen  has  a  

p e n e t r a t i o n   of  180  to  220  at  25°C.  

3.  A  compos i t i on   a cco rd ing   to  e i t h e r   of  claims  1  and  2  where in   t h e  

an ion ic   group  is  a  s u l p h o n a t e   g r o u p .  

4.  A  compos i t i on   a c c o r d i n g   to  any  one  of  the  p reced ing   c laims  w h e r e i n  

the  polymer  is  an  e l a s t o m e r i c   p o l y m e r .  

5.  A  compos i t i on   a cco rd ing   to  claim  4  wherein  the  polymer  is  a  copo lymer  

of  e t h y l e n e ,   p ropy lene   and  a  d i e n e .  

6.  A  compos i t i on   a cco rd ing   to  claim  5  wherein  the  copolymer  c o m p r i s e s  

45  to  85  wt.%  e t h y l e n e ,   2  to  10  wt.%  of  a  diene  and  the  b a l a n c e   p r o p y l e n e .  

7.  A  compos i t i on   a cco rd ing   to  e i t h e r   of  claims  5  and  6  where in   t h e  

polymer  has  an  Mn  of  10,000  to  200,000,   an  Mv  of  below  350,000,   an  Mn 

of  below  500,000  and  a  Mooney  v i s c o s i t y   (ML,  1+8,  100°C)  of  5  to  60 .  

8.  A  compos i t i on   a c c o r d i n g   to  any  one  of  claims  3  to  7  where in   t h e  

acid  form  of  the  s u l p h o n a t e d   polymer  has  5  to  100  meq.  acid   g r o u p s ,  

p r e f e r a b l y   10  to  50  meq.  acid  groups ,   per  100  gm  of  su lphona t ed   p o l y m e r .  

9.  A  compos i t i on   a cco rd ing   to  any  one  of  the  p receding   claims  w h e r e i n  

the  polymer  is  a  zinc  n e u t r a l i s e d   p o l y m e r .  

10.  A  compos i t ion   acco rd ing   to  any  one  of  the  p reced ing   claims  w h e r e i n  

at  l e a s t   95%  of  the  a n i o n i c   groups  have  been  n e u t r a l i s e d .  

11.  A  compos i t ion   a cco rd ing   to  any  one  of  the  p receding   claims  which  

conta ins   5  to  25  wt.%  of  the  n e u t r a l i s e d  p o l y m e r .  
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